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Effect  of  Recombinant  Factor  Vila  as  an  Adjunctive  Therapy 
in  Damage  Control  for  Wartime  Vascular  Injuries:  A  Case 
Control  Study 
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and  John  B.  Holcomb,  MD 


Objectives:  Military  casualties  with 
vascular  injuries  often  present  with  severe 
acidosis  and  coagulopathy  that  can  nega¬ 
tively  influence  limb  salvage  decisions.  We 
previously  reported  the  value  of  a  damage 
control  resuscitation  (DCR)  strategy  that 
can  correct  physiologic  shock  during  simul¬ 
taneous  vascular  reconstruction.  The  effect 
of  recombinant  factor  Vila  (rFVIIa)  on  the 
repair  of  injured  vessels  and  vascular  grafts 
when  used  as  an  adjunctive  therapy  during 
DCR  is  unclear  in  the  setting  of  wartime 
vascular  injuries.  The  primary  aim  of  this 
study  was  to  assess  the  effect  of  rFVIIa  use 
during  DCR  for  vascular  trauma  and  the 
impact  on  vessel  repair. 

Methods:  A  retrospective  two  cohort 
case  control  study  was  performed  using 
the  Joint  Theater  Trauma  Registry  to 
identify  patients  with  major  vascular  in¬ 


jury  and  DCR.  Group  1  (n  =  12)  had  DCR 
and  repair  of  the  injured  vessels.  Group  2 
(n  =  41)  included  early  rFVIIa  as  an  ad¬ 
junctive  therapy  with  DCR  to  control 
bleeding  and  perform  simultaneous  vascu¬ 
lar  reconstruction. 

Results:  Age,  injury  severity  score, 
presenting  physiology,  and  operative  time 
were  similar  between  groups.  Postopera¬ 
tive  data  show  that  early  physiologic  re¬ 
covery  from  acidosis,  coagulopathy,  and 
anemia  was  associated  with  rFVIIa  and 
DCR.  Extremity  graft  failures  in  groups  1 
and  2  (follow-up  range,  10-26  months) 
were  either  from  early  thrombosis  (1  vs.  5 
p  =  1),  graft  dehiscence  (1  vs.  2  p  =  0.55), 
or  infection  (1  vs.  1  p  =  0.41)  and  were  the 
result  of  inadequate  soft  tissue  coverage  or 
technical  factors  that  eventually  resulted 
in  eight  (15%)  amputations.  All  cause 


mortality  (group  1:  0%  vs.  group  2:  7.3%, 
p  =  1)  and  amputation  rates  (group  1: 
25%  vs.  groups  2:  12.2%,  p  =  0.36)  were 
similar  between  the  two  groups. 

Conclusions:  DCR  using  rFVIIa  is 
effective  for  controlling  hemorrhage  and  re¬ 
versing  coagulopathy  for  severe  vascular  in¬ 
juries.  Early  graft  failures  seem  unrelated  to 
rFVIIa  use  in  the  setting  of  wartime  vas¬ 
cular  injuries.  No  differences  in  amputa¬ 
tion  rate  or  mortality  were  seen.  Although 
rFVIIa  may  be  a  useful  damage  control 
adjunct  during  vessel  repair,  the  overall 
impact  of  this  strategy  on  long-term  out¬ 
comes  such  as  mortality  and  limb  salvage 
remains  to  be  determined. 
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Modern  advances  in  prehospital  combat  casualty  care 
have  reduced  mortality  for  patients  with  vascular 
injuries  and  potential  for  hemorrhagic  death  on  the 
battlefield.1-3  An  increase  in  combat-related  extremity  wounds 
during  recent  military  operations  now  permit  the  study  of  con¬ 
temporary  resuscitation  practices  used  in  preparation  for  re¬ 
constructing  a  major  vascular  injury.4  The  early  coagulopathy 
of  trauma  is  often  present  at  admission  to  the  emergency 
department  (ED)  underscoring  the  importance  that  the  meta¬ 
bolic  consequences  of  hemorrhagic  shock  can  negatively  in¬ 
fluence  limb  salvage  decisions  if  early  hemostasis  is  not 
achieved.5'6  We  previously  proposed  a  damage  control  res- 
cuscitation  (DCR)  strategy  that  seems  to  be  successful  for  the 
management  of  acute  wartime  vascular  injuries  with  effective 
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correction  of  physiologic  shock.7  This  employs  the  use  of 
fresh  whole  blood  (FWB),  or  a  high  ratio  (<  1 : 1 .4)  of  plasma 
to  packed  red  blood  cells  (PRBCs),  minimal  crystalloid  use, 
and  liberal  replacement  of  platelets  and  cryoprecipitate.  Be¬ 
cause  coagulopathy  is  a  major  factor  contributing  to  bleeding- 
related  mortality  even  after  surgical  control  of  hemorrhage, 
early  recombinant  activated  coagulation  factor  VII  has  been 
used  during  this  war  according  to  specific  clinical  practice 
guidelines.8'9 

The  use  of  recombinant  factor  Vila  (rFVIIa)  to  treat  the 
acquired  coagulopathy  of  trauma  seems  to  be  a  useful  adjunct 
to  existing  therapy  and  in  some  settings  may  reduce  transfu- 
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Effect  of  Recombinant  Factor  Vila  in  Damage  Control 


sion  requirements  for  severely  injured  patients.10  Moreover, 
early  administration  has  been  reported  to  be  superior  to  “last 
ditch’’  use  in  breaking  a  bloody  vicious  cycle.11  Since  most 
vascular  injuries  in  Iraq  and  Afghanistan  have  required  a 
massive  transfusion  to  repair  a  vascular  injury,  the  selective 
use  of  rFVIIa  seems  to  be  a  relevant  and  important  damage 
control  adjunct  but  this  remains  unclear.12  Previous  random¬ 
ized  civilian  placebo-controlled  trials  in  trauma  have  not 
reported  an  increased  incidence  of  severe  thrombotic  events. 
In  those  civilian,  largely  blunt  injured  patients  vascular  repair 
was  unusual.  However,  significant  vascular  injury  is  common 
in  military  injuries,  thus  it  is  important  to  understand  how  an 
agent  that  promotes  clotting  to  control  bleeding  may  impact 
the  immediate  repair  of  a  vascular  injury.10  The  objective 
of  this  case  control  study  was  to  report  the  effect  of  rFVIIa 
on  the  repair  of  injured  vessels  and  vascular  grafts  when  used 
as  an  adjunctive  therapy  during  DCR  in  the  setting  of  wartime 
vascular  injuries.  Additionally,  this  study  aims  to  provide 
insight  into  the  impact  of  rFVIIa  use  on  early  physiologic 
recovery  after  immediate  limb  salvage  procedures  for  trau¬ 
matic  combat-related  vascular  injuries. 

MATERIALS  AND  METHODS 

Using  the  Joint  Theater  Trauma  Registry  (JTTR),  two 
cohorts  of  patients  treated  from  April  2006  to  August  2007 
for  major  wartime  vascular  injury  at  a  Baghdad-based  US 
Combat  Support  Hospital  (CSH)  were  created.  Basic  demo¬ 
graphic,  physiologic,  resuscitation,  and  early  outcomes  were 
compared  between  these  cohorts.  Group  1  (n  =  12)  and  group 
2  (n  =  41)  were  similar  in  that  both  consisted  of  patients  with 
wartime  vascular  injuries  resuscitated  in  accordance  with 
established  DCR  clinical  practice  guidelines.  However,  group 
2  included  early  rFVIIa  as  an  adjunctive  therapy  with  DCR  to 
control  bleeding  and  perform  the  vascular  reconstruction, 
whereas  group  1  did  not. 

Included  were  those  patients  who  arrived  at  the  CSH 
with  a  life  threatening  hemorrhage  (>4  units  PRBCs)  from 
penetrating  military  munitions  and  underwent  simultaneous 
repair  of  a  vascular  injury,  usually  with  reversed  saphenous 
interposition  grafting.  Group  1  (control)  and  group  2  (rFVIIa) 
patients  received  a  resuscitation  strategy  that  included  FWB 
or  PRBCs  with  a  high  plasma  ratio,  and  minimal  crystalloids 
as  an  accepted  DCR  strategy  for  severely  injured  military 
patients  in  hemorrhagic  shock.  Group  2  (rFVIIa)  included 
the  early  (preoperative)  intravenous  (i.v.)  administration  of 
rFVIIa  for  patients  who  had  at  least  one  indication  for  it  use 
based  on  established  guidelines  (Table  1).  Patients  receiving 
DCR  with  isolated  cervical,  torso,  or  extremity  vascular  in¬ 
jury  repaired  with  saphenous  vein  grafts  were  included.  Also, 
included  were  any  arterial  injuries  that  had  thrombectomy 
and  lateral  suture  or  primary  repair  to  re-establish  a  pulse 
since  these  repairs  in  addition  to  saphenous  grafts  are  vulner¬ 
able  to  the  effects  of  clotting  agents.  The  study  was  approved 
by  the  research  committee  of  the  participating  CSH  and  the 
Brooke  Army  Medical  Center  IRB. 


T3bl6  1  Institutional  Indications  for  the  Administration 
of  Recombinant  Factor  Vila  for  Damage  Control  in 
Vascular  Trauma  Patients 

Laboratory  Parameter 

Laboratory  Value 

PH 

C\J 

VI 

Base  deficit 

<-6 

[Hb]  (g/dL) 

<11 

Prothrombin  time 

>16 

INR 

>1.5 

Systolic  pressure 

<90 

Temp  (°F) 

<96 

Severe  head  injury 

Yes 

Massive  transfusion 

Yes 

FWB  transfusion 

Yes 

Hb,  hemoglobin;  Temp,  temperature. 


Demographic  data  collection  included  patient  gender, 
age,  Injury  Severity  Score,  mechanism  of  injury,  and  Glas¬ 
gow  Coma  Scale.  Physiologic  data  collection  included  the 
initial  presenting  vital  signs  (rectal  temperature,  blood  pres¬ 
sure,  heart  rate)  and  physiologic  parameters  that  included  pH, 
base  deficit,  hemoglobin  (g/dL),  platelet  count,  and  interna¬ 
tional  normalized  ratio.  Operative  blood  product  require¬ 
ments  to  include  those  units  received  in  the  emergency  room 
were  documented.  The  amount  of  transfused  crystalloid, 
PRBCs,  plasma,  cryoprecipitate,  and  platelets  were  moni¬ 
tored.  The  doses  and  timing  of  the  administration  of  rFVIIa 
were  reported  (typically  90-120  jug/kg  i.v.).  Patients  who 
received  a  massive  PRBC  transfusion  (>10  units),  FWB,  or 
unfractionated  heparin  were  also  documented. 

After  emergent  vascular  reconstruction,  the  patient  was 
taken  to  the  intensive  care  unit  (ICU)  and  the  initial  vital  signs 
were  observed.  The  ICU  admission  laboratory  analysis  included 
a  postoperative  complete  blood  count,  arterial  blood  gas  sample, 
and  coagulation  studies.  The  differences  (A)  in  vital  signs  and 
laboratory  study  results  obtained  in  the  ED  and  the  ICU  were 
used  to  determine  the  extent  of  early  physiologic  recovery. 

Primary  outcome  measures  were  normalization  of  the 
initial  physiologic  derangements,  and  a  successful  revascu¬ 
larization  of  the  pulseless  extremity  as  defined  by  restoration 
of  a  palpable  pulse  and  establishment  of  a  normal  ankle- 
brachial  index  (>0.9).  Early  success  was  determined  and 
reflected  in  early  graft  patency,  survival,  and  amputation  rate. 
Operative  details  including  location  of  arterial  injury,  asso¬ 
ciated  venous  injury,  type  and  configuration  of  conduit  used, 
and  procedure  times  were  reviewed.  Standard  paired  t  tests 
(continuous  variables)  or  Fisher’s  exact  tests  (percentage  ra¬ 
tios)  were  used  to  determine  statistical  significance  using 
SPSS  14  software  (Chicago,  IL). 

RESULTS 

During  the  study  period  53  seriously  injured  patients 
underwent  repair  of  93  major  vascular  injuries  using  a  strat¬ 
egy  of  early  DCR  and  immediate  vascular  reconstruction. 
The  study  group  consisted  of  15  US  service  members  (28%), 
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37  Iraqi  nationals  (70%),  and  1  (2%)  foreign  contractor.  All 
but  two  patients  were  male  with  an  age  range  of  10  to  66 
years.  The  mean  military  injury  severity  score  for  the  popu¬ 
lation  studied  was  27.4  ±  14.2.  Baseline  demographics  and 
admission  physiology  (Table  2)  were  similar  between  both  co¬ 
horts.  Vessel  injuries  were  from  penetrating  trauma  and  con¬ 
sisted  of  high-energy  explosions  or  gunshot  wounds.  Because  of 
the  short  prehospital  transport  time  («»30  minutes),  extremity 
ischemic  times  were  limited.  Prehospital  tourniquet  use  was 
common  (39,  74%)  and  all  but  two  patients  with  extremity 
vascular  injury  arrived  with  a  tourniquet  applied.  Major  soft- 
tissue  injury  frequently  led  to  combined  orthopedic  (fixation, 
fasciotomy)  and  vascular  procedures,  performed  simultaneously. 

Physiologic  Effect  of  DCR  and  Early  rFVIIa 

The  overall  response  to  resuscitation  measures  were  re¬ 
flected  in  early  correction  of  presenting  physiologic  imbal¬ 
ances  on  conclusion  of  the  operative  procedure  for  limb 
salvage.  Table  3  demonstrates  a  similar  degree  of  recovery  in 
both  cohorts.  A  comparison  of  physiologic  differences  from 
ED  arrival  (Table  2)  with  ICU  admission  was  made  and 
reflected  by  the  relative  change  in  vital  signs  and  normaliza¬ 


tion  of  laboratory  studies.  In  group  2,  patients  who  were 
treated  with  DCR  using  adjunctive  rFVIIa  (group  2)  demon¬ 
strated  a  physiologic  recovery  from  the  initial  presenting 
acidosis  and  coagulopathy.  The  acidosis  and  anemia  in  the 
control  group  (no  rFVIIa)  was  also  substantially  improved. 
Both  groups  show  that  systolic  and  diastolic  blood  pressure 
increased  concordantly,  and  the  heart  rate  decreased  to  an 
acceptable  rate  by  the  time  the  patient  reached  the  ICU. 
Correction  of  anemia  in  the  study  group  is  reflected  in  the 
differences  of  blood  products  administered  (Table  4). The 
INR  was  improved  significantly  in  the  study  group  but  wors¬ 
ened  in  the  control  at  the  time  of  ICU  admission.  Tempera¬ 
ture  was  noted  to  decline  in  the  study  group  but  did  not  reach 
statistical  significance. 

Patients  treated  using  rFVIIa  received  more  total  blood 
products  (packed  cells  plus  whole  blood),  more  FFP,  and 
more  cryoprecipitate  than  patients  in  group  1  treated  without 
rFVIIa.  Total  blood  components  given  were  increased  in  the 
study  group,  and  34  patients  (83%)  required  a  massive  transfu¬ 
sion  compared  with  5  patients  (42%)  in  the  control.  An  FFP: 
PRBC  ratio  (given  at  1:1.5)  in  the  control  group  closely  approx¬ 
imated  a  goal  of  1 : 1  and  was  similar  to  the  ratio  of  1 : 1 .2  in  group 


T3bl6  2  Demographics  and  Averaged  Physiologic  Parameters  on  ED  Arrival  in  Both  Cohorts 

Variable 

All  Patients 

Group  1  (Control) 

Group  2  (rFVIIa) 

P 

Age  (yr) 

26.6  ±  9.7  (49) 

24  ±  10  (10) 

27.5  ±  9.4  (39) 

0.31 

Injury  of  Severity  Score 

27.4  ±  14.2  (53) 

22.2  ±  10.7(12) 

28.9  ±  14.9(41) 

0.14 

Glasgow  Coma  Score 

13.5  ±  3.0(53) 

13.5  ±  3.6  (12) 

12.9  ±  3.6  (40) 

0.62 

Systolic  blood  pressure 

103  ±  31  (53) 

110  ±  28  (12) 

101  ±  32  (41) 

0.36 

Diastolic  blood  pressure 

58  ±  20.4  (53) 

55  ±  15.6  (12) 

59  ±  21.8(41) 

0.61 

Heart  rate 

126  ±  27.7(52) 

133  ±  23.4  (12) 

123  ±  28.7(40) 

0.31 

Temperature  (°F) 

99  ±  1 .3  (48) 

99  ±  0.98  (12) 

99  ±  1 .4  (36) 

0.94 

pH 

7.23  ±  0.2  (52) 

7.27  ±  0.2  (12) 

7.22  ±  0.2  (40) 

0.40 

Base  deficit 

9.11  ±  6.8(53) 

8.42  ±  6.4  (12) 

9.32  ±  6.9  (41) 

0.69 

Hb  (g/dL) 

9.5  ±  2.4  (53) 

10.0  ±  2.0  (12) 

9.4  ±2.5  (41) 

0.47 

Platelet  count 

267  ±  112  (23) 

269  ±  120  (12) 

264  ±  108  (11) 

0.92 

INR 

1 .45  ±  0.6  (49) 

1.35  ±  0.4  (11) 

1 .47  ±  0.6  (39) 

0.58 

p  values  are  derived  from  standard  t  tests.  Data  are  mean  ±  SD  unless  otherwise  specified  and  the  n  values  are  given  in  the  parentheses. 
ED,  emergency  department;  Hb,  hemoglobin;  INR,  international  normalized  ratio;  DCR,  damage  control  resuscitation;  rFVIIa,  recombinant 
factor  Vila. 


Table  3  Physiologic  Recovery  After  Vascular  Reconstruction  in  2  DCR  Cohorts  ±  rFVIIa 

Variable 

Group  1  (Control)  (n) 

No  rFVIIa  A 

P 

Group  2  (rFVIIa)  (n) 

rFVIIa  A 

P 

Systolic  blood  pressure 

121  ±  14(12) 

11 

0.15 

154  ±  35  (41) 

53 

0.05 

Diastolic  blood  pressure 

64  ±  11  (12) 

9 

0.04 

70  ±  19  (41) 

11 

0.01 

Heart  rate 

120  ±  31  (12) 

-13 

0.22 

107  ±  30  (41) 

-16 

0.02 

Temperature  (°F) 

98.5  ±  1.1  (11) 

-0.5 

0.21 

97.0  ±  1.0(41) 

-2 

0.28 

pH 

7.31  ±  0.07  (10) 

0.04 

0.59 

7.35  ±  0.1 1  (37) 

0.13 

<0.01 

Base  deficit 

3.5  ±4.4  (10) 

4.92 

0.08 

0.76  ±  6.7  (37) 

8.56 

<0.01 

Hb  (g/dL) 

10.1  ±  1.3(11) 

0.1 

0.81 

12.3  ±  8.2  (38) 

2.9 

0.06 

Platelet  count 

106  ±  46.6(11) 

-163 

<0.01 

108  ±  46.2  (38) 

-156 

<0.01 

INR 

1.6  ±  0.61  (11) 

0.25 

0.56 

1 .2  ±  0.58  (38) 

-0.25 

0.04 

p  values  are  derived  from  standard  paired  t  tests.  Data  are  mean  ±  SD  unless  otherwise  specified. 
A,  Comparison  of  physiologic  differences  from  ED  arrival  (Table  1)  to  ICU  admission. 

Vitals  signs  and  laboratory  studies  were  taken  immediately  at  ICU  admission. 

Hb,  hemoglobin. 
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Table  4  Summary  of  Averaged  Operative  Transfusion 
Requirements  Comparing  DCR  and  DCR  With  rFVIIa 

Blood  Component 

Control 

rFVIIa 

P 

Total  Blood  Products  (OR)  (U)* 

6.7  ±  5.2 

16.7  ±  11.2 

<0.001 

FFP  (OR)  (U) 

4.5  ±  3.8 

13.4  ±  9.2 

<0.001 

Plasma:  RBC  ratio 

1:1.5 

1:1.2 

0.20 

Cryoprecipitate  (U) 

0 

10  ±  10.7 

<0.001 

Platelets  (6pk)  (U) 

1.8  ±  1.1 

1.19  ±  0.91 

0.64 

OR  crystalloid  (L) 

3.9  ±  1.7 

3.7  ±  1.7 

0.74 

ICU  crystalloid  (L) 

3.8  ±  2.6 

2.6  ±  2.4 

0.14 

ICU  blood  products  (L)* 

3.0  ±  5.8 

4.2  ±  6.6 

0.61 

Massive  transfusion  (>10  units) 

42% 

83% 

0.002 

*  Packed  RBCs  +  whole  blood. 

FFP,  fresh  frozen  plasma  or  thawed  plasma;  OR,  operating  room. 


2.  A  matched  amount  crystalloid  3.9  L  versus  3.7  L  was  ad¬ 
ministered  in  both  groups  consistent  with  the  DCR  guidelines 
to  minimize  crystalloid  fluids.  Most  of  the  patients  (32,  78%) 
in  group  2  received  i.v.  rFVIIa  early  in  the  emergency  room 
resuscitation  with  one  to  two  additional  doses  (90-120  p,g / 
kg)  given  intraoperatively.  The  remainder  of  the  study  group 
had  the  first  dose  administered  intraoperatively  (4,  10%)  or 
during  admission  to  the  ICU  (5,  12%),  for  ongoing  coagulo- 
pathic  bleeding.  Heparin  was  not  used  (40,  75%)  or  only 
limited  to  a  half  dose  (13,  25%)  in  the  combined  study  group. 
The  average  transfusion  requirements  after  DCR  with  and 
without  adjunctive  rFVIIa  are  summarized  in  Table  4. 

Damage  Control  and  Immediate  Repair  of  Vascular 
Injuries 

Ninety-three  vascular  reconstructions  for  limb  salvage  were 
performed  using  a  reversed  saphenous  vein  graft  (n  =  44,  47%) 
or  less  commonly  prosthetic  materials  (4,  4%).  Interposition 
grafts  were  used  in  the  setting  of  adequate  muscle  coverage 
(small  wound,  healthy  muscle)  or  else  a  tunneled  bypass  graft 
was  placed  around  the  zone  of  injury  (large  wound,  devitalized 
tissue).  Primary  repairs  by  lateral  suture,  or  end-to-end  anasto¬ 
mosis  was  created  when  possible  (13,  14%)  although  segmental 
loss  of  the  vessel  was  frequently  encountered.  Therefore,  patch 
angioplasty  was  used  only  once.  Ligation  was  not  infrequent  for 
arterial  vessels  that  could  be  easily  sacrificed  as  a  damage 
control  maneuver  (16,  17%).  These  were  usually  distal  run-off 
vessels  of  the  forearm  or  leg.  One  patient  each  with  ligation  of 
the  superficial  femoral,  popliteal,  and  tibial  arteries  resulted  in 
limb  loss.  Additionally,  one  patient  with  a  pulseless  leg  under¬ 
went  femoral  thrombectomy  without  repair  which  resulted  in  a 
transtibial  amputation. 

Repair  of  concomitant  venous  injury  (n  =  22,  24%)  was 
favored  over  ligation  (10,  11%),  when  the  physiologic  con¬ 
dition  of  the  patient  permitted  the  additional  operative  time. 
Saphenous  vein  grafts  (19  of  20,  95%)  were  preferred  and  a 
prosthetic  graft  was  only  used  for  one  patient.  Temporary 
shunts  were  placed  in  five  patients  as  a  damage  control 
adjunct.  Three  were  followed  up  by  immediate  successful 
saphenous  grafting.  One  patient  was  returned  to  the  ICU  for 


additional  resuscitation,  and  suffered  limb  loss  secondary  to 
shunt  thrombosis.  Another  died  of  wounds  before  the  defin¬ 
itive  repair  was  made.  The  median  operative  time  required  for 
these  procedures  were  270  minutes  and  included  the  time 
needed  for  DCR,  laparotomy,  fasciotomy,  fixation,  and  repair 
of  the  injured  vessels.  Orthopedic  fixation  was  extremely 
rapid  and  accomplished  by  a  second  team  during  the  vein 
harvest  from  the  contralateral  limb.  When  thoracotomy  or 
laparotomy  was  indicated,  the  orthopedic  team  would  often 
apply  additional  tourniquets,  expose  the  wound,  and  apply 
fixation  without  the  use  of  fluoroscopy.  Plain  radiographs 
were  used  to  guide  the  need  for  pin  adjustments  during 
subsequent  washouts.  Fasciotomy  was  performed  in  the  ma¬ 
jority  (80%)  of  patients  with  extremity  vascular  injury.  The 
distribution  and  management  of  these  injuries  were  similar 
between  the  groups  and  are  summarized  in  Tables  5  and  6. 

Adjunctive  Factor  Vila  and  Outcome  of  Vascular 
Reconstruction 

Damage  control  maneuvers  were  used  to  repair  93  major 
vascular  injuries  in  53  seriously  injured  patients.  The  24  hour 
survival  was  94%.  Among  all  patients  there  were  11  (21%) 
major  graft  failures  from  early  thrombosis  (6),  infection  (2), 
or  sudden  graft  rupture  with  secondary  hemorrhage  (3). 
These  failures  led  to  eight  amputations  producing  an  overall 
amputation  rate  of  15%.  Clinical  follow-up  (range,  11-27 
months)  was  available  for  14  (26.4%)  patients.  Nine  of  these 
repairs  have  remained  patent  as  determined  by  clinical  ex¬ 
amination,  noninvasive  studies,  or  angiography. 

Forty-one  patients  received  rFVIIa  as  an  adjunctive  therapy 
in  the  setting  of  damage  control  surgery  to  control  coagulopathic 
hemorrhage  during  the  immediate  vascular  reconstruction  of 
72  injuries.  In  this  cohort,  there  were  five  (12.2%)  early 
thrombotic  failures  compared  with  only  one  (8.3%)  in  the 
control  group.  Early  thrombosis  in  the  rFVIIa  group  (group  2) 
was  related  to  one  each  anastomotic  stricture,  graft  twist, 
redundant  graft,  primary  repair  with  downstream  intimal 
damage,  and  failure  to  identify  an  injury  after  an  initially 
successful  balloon  thrombectomy.  Three  of  these  five  cases 
underwent  successful  revision  and  two  limbs  were  not  sal¬ 
vaged.  Additionally,  there  were  two  graft  ruptures,  and  one 
graft  infection  in  the  rFVIIa  group  compared  with  one  each  in 
the  control.  Three  (25%)  and  5  (12.2%)  lower  amputations 
were  performed  in  groups  1  and  2  (rFVIIa),  respectively. 
Nine  of  the  14  (64.3%)  cases  followed  up  during  this  1-  to 
2-year  period  were  from  the  rFVIIa  group.  The  observed 
differences  were  not  statistically  significant.  The  outcomes  of 
each  treatment  group  with  respect  to  survival  and  complica¬ 
tions  for  these  vascular  injuries  are  shown  in  Table  7. 

DISCUSSION 

This  study  represents  the  strength  of  the  JTTR  to  exam¬ 
ine  the  effect  on  the  adjunctive  use  of  rFVIIa  and  refine  the 
use  of  DCR  in  the  setting  of  repairing  major  wartime  vascular 
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Table  5  Distribution  and  Management  of  12  Patients  With  21  Vascular  Injuries  and  DCR 

Location/Vascular  Injury  Suture  End-End  SV  Interposition  Ligation  Shunt* 

Total 

Upper  extremity 

Axillary 

1 

1 

Brachial 

Ulnar 

1 

1 

Radial 

1 

1 

Lower  extremity 

Common  femoral 

1 

1 

1 

Superficial  femoral 

4 

1 

4 

Deep  femoral 

1 

1 

Popliteal 

3 

1f 

4 

Tibial 

1* 

1 

Pedal 

1 

1 

Venous 

Femoral 

1 

4 

5 

Popliteal 

1 

1 

Total 

1 

1 

13 

6 

21 

*  Temporary  shunt  before  repair  SFA  (1),  CFA  (1). 

f  AKA,  above  knee  amputation;  * * * §  BKA,  below  knee  amputation;  suture,  primary  repair;  end-end,  end-end  anastomosis;  SV,  saphenous  vein. 


Table  6  Distribution  and  Management  of  41  Patients  With  72  Vascular  Injuries  Using  DCR  and  rFVIIa 

Location/Vascular  Injury 

Suture 

Patch 

End-End 

Prosthetic 

SV  Interposition 

SV  Bypass 

Ligation  Thrombectomy  Shunt 

Total 

Abdomen 

Visceral 

i 

i 

Iliac 

i 

i 

i* 

3 

Hypogastric 

2 

2 

Neck 

External  Carotid 

1 

1 

Upper  Extremity 

Subclavian 

3 

3 

Axillary 

3 

i 

4 

Brachial 

1 

1 

2 

Ulnar 

1 

2f 

1 

4 

Radial 

2 

2 

Lower  Extremity 

Common  femoral 

2 

2 

Superficial  femoral 

6 

2t  2§ 

10 

Deep  femoral 

2 

2 

Popliteal 

4 

3“ 

7 

Tibial 

2 

2 

4 

Venous 

Jugular 

1 

1 

Subclavian 

i 

1 

Axillary 

i 

1 

2 

4 

Iliac 

2 

2 

4 

Profunda  femoral 

1 

3 

4 

Femoral 

3 

i 

i 

1 

2 

1 

8 

Popliteal 

1 

2 

3 

Total 

9 

i 

2 

4 

25 

6 

20  2  3 

72 

*  Followed  by  SV  graft. 

f  Brachioulnar  reversed  SV  bypass. 

11  Popliteal-posterior  tibial  reversed  SV  bypass. 

*  BKA  (1). 

§  Shunt  thrombosis  led  to  AKA  (1);  Died  of  Wounds  (1). 

AKA,  above  knee  amputation;  BKA,  below  knee  amputation;  suture,  primary  repair;  end-end,  end-end  anastomosis;  SV,  saphenous  vein. 


injuries.  Successful  immediate  vessel  repair  with  early  phys¬ 
iologic  recovery  using  these  damage  control  concepts  vali¬ 
date  previous  reports  underscoring  the  importance  of  using  a 


hemostatic  resuscitation  plan  for  patients  with  vascular  inju¬ 
ries  that  arrive  in  hemorrhagic  shock  and  have  a  high  poten¬ 
tial  for  massive  transfusion.  This  approach  represents  an 
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Table  7  Outcomes  of  Each  Treatment  Group  With  Respect  to  Survival  and  Complications 


Variable 

All  Patients  (n  =  53) 

Group  1  (Control)  (n  =  12) 

Group  2  (rFVIIa)  (n  =  41) 

P 

Early  graft  thrombosis 

6 

i 

5 

1 

Graft  infection 

2 

i 

1 

0.41 

Graft  rupture 

3 

i 

2 

0.55 

Long-term  follow-up 

14 

5* 

9f 

0.26 

Amputation  (%) 

15 

25 

12.2 

0.36 

24  h  survival  (%) 

94.30 

100 

92.7 

1 

rFVIIa,  recombinant  factor  Vila. 

P  values  are  derived  from  Fisher  exact  test. 
*  3/5  grafts  patent  by  duplex  at  12  mo. 
f  6/9  grafts  patent  11-27  mo. 


evolution  in  traditional  damage  control  philosophy  where 
previously  amputation  was  favored  over  intricate  and  time 
consuming  vascular  reconstruction,  described  as  “life  over 
limb.”  These  findings  demonstrated  that  derangements  in 
physiologic  conditions  that  have  classically  led  us  to  “bail 
out”  may  no  longer  be  a  contraindication  to  prolonged  vas¬ 
cular  reconstruction  when  modern  DCR  resuscitation  princi¬ 
ples  are  used.  Although  typical  physiologic  endpoints  seem 
achievable  with  DCR,  the  consequences  of  using  rFVIIa  on  a 
freshly  repaired  vessel  have  not  been  well  studied  and  serve 
as  the  foundation  of  this  report. 

The  Central  Command  (CENTCOM)  Clinical  Practice 
guideline  described  i.v.  administration  of  90  to  120  pg/kg 
rFVIIa  (usually  three  vials,  2.4  mg  X3)  given  first  in  the  ED, 
with  additional  doses  given  intraoperatively  to  treat  acquired 
coagulopathy  and  reduce  hemorrhage.9  The  use  of  rFVIIa  for 
individual  casualties  was  based  on  the  casualty’s  physiologic 
status,  anticipated  transfusion  requirements,  overall  resusci¬ 
tation  response,  surgical  plan,  and  individual  physician  pref¬ 
erence.  Injury  to  multiple  vessel  beds  or  an  expectation  for  a 
massive  transfusion  was  often  a  practical  indication  for  rFVIIa 
use.  A  temporal  relationship  with  systemic  clotting  was  ob¬ 
served  and  the  goal  of  these  interventions  was  a  normal 
international  normalized  ratio  in  the  operating  room.  Crys¬ 
talloid  fluids  were  kept  to  an  absolute  minimum  to  avoid 
dilutional  coagulopathy  and  further  iatrogenic  physiologic 
derangement.13  For  injuries  to  a  single  extremity,  rFVIIa 
was  used  sparingly  and  reserved  for  cases  when  hemor¬ 
rhage  was  not  surgically  treatable  or  controlled  with  hemo¬ 
static  dressings.  Heparin,  often  limited  to  a  half  dose,  was 
used  infrequently,  and  used  mostly  for  straightforward  iso¬ 
lated  extremity  injury  cases.  Transfusions  were  started  early, 
warmed,  and  infused  rapidly.  The  ratio  of  PRBCs  to  FFP  or 
thawed  AB  plasma  approximated  1:1  to  avoid  further  dilu¬ 
tional  coagulopathy  of  trauma.14-17 

The  importance  of  treating  the  early  coagulopathy  of 
trauma  has  gained  interest,  because  new  evidence  has  dem¬ 
onstrated  that  an  acute  coagulopathy  may  be  attributable  to 
the  injury  itself  and  should  now  be  a  priority  during  the  initial 
evaluation  and  treatment.5'18  Restoration  of  normal  physiol¬ 
ogy  in  the  operating  room  allows  surgeons  to  focus  on  con¬ 
trolling  surgical  bleeding  and  performing  definitive,  albeit 


complicated,  and  prolonged  vascular  reconstruction.  The 
number  of  recent  combat  casualties  with  vascular  injuries  that 
require  massive  transfusion  offers  a  chance  to  observe  the 
effects  of  contemporary  hemostatic  strategies  in  a  cohort 
where  the  thrombotic  consequences  of  this  approach  may  be 
immediately  obvious.  The  preclinical  and  investigational  use 
of  rFVIIa  as  an  adjunctive  therapy  for  control  of  bleeding  in 
patients  with  traumatic  injuries  have  been  described 
previously.19-26  Two  randomized  trials  designed  to  study  the 
effects  on  trauma  patients  have  demonstrated  safe,  effica¬ 
cious  use  with  an  even  distribution  and  low  incidence  of 
thromboembolic  events  between  treatment  groups.10  Further 
analysis  of  this  data  demonstrated  in  a  coagulopathic  sub¬ 
group  that  rFVIIa  reduced  multiorgan  failure  and  consumed 
less  blood  products.  The  authors  concluded  from  these  find¬ 
ings  that  coagulopathic  trauma  patients  seem  to  benefit  from 
early  adjunctive  rFVIIa  therapy.27  Recent  evidence  in  a  pop¬ 
ulation  of  military  casualties  requiring  massive  transfusion 
show  that  rFVIIa  can  significantly  reduce  transfusion  require¬ 
ments  when  administered  early  (before  8  units  of  blood  trans¬ 
fused).  Similarly,  late  complications  were  not  significantly 
different  between  study  groups  and  only  one  thrombotic 
event  was  reported  in  61  patients.11  However,  none  of  the 
thrombotic  complications  described  in  these  particular  reports 
were  related  to  the  repair  of  injured  blood  vessels.  Spinella  et 
al.28  in  addition  demonstrated  that  the  early  use  of  rFVIIa  was 
associated  with  decreased  30-day  mortality  in  severely  in¬ 
jured  combat  casualties  requiring  massive  transfusion  and 
likewise  was  not  associated  with  an  increased  risk  of  severe 
thrombotic  events.  Nonetheless,  given  the  cautionary  reports 
on  the  thrombotic  potential  of  rFVIIa  use,  the  primary  aim  of 
this  study  was  to  assess  the  effect  of  rFVIIa  use  during  DCR 
for  vascular  trauma  and  the  impact  of  that  therapy  on  vessel 
repair.29  We  found  that  early  thrombotic  failures  were  not 
significantly  different  between  treatment  groups.  Graft  fail¬ 
ures  in  the  study  group  (rFVIIa)  related  to  the  construction  of 
the  anastomosis,  graft  redundancy,  or  intimal  damage  and 
were  all  attributable  to  the  technical  aspects  of  the  revascu¬ 
larization.  Similarly,  limb  salvage  and  early  survival  rates 
were  evenly  distributed  and  are  not  significantly  different. 
We  defined  the  use  of  rFVIIa  by  a  time  frame  (early  =  used 
in  emergency  room)  and  not  by  the  administration  after  a 
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certain  number  of  units  of  blood  transfused.  Interestingly,  the 
overall  use  of  blood  products  was  not  diminished  in  the 
rFVIIa  group  and  may  represent  a  higher  proportion  of  sur¬ 
gical  bleeding,  greater  enthusiasm  for  staying  in  the  OR 
longer,  or  perhaps  more  liberal  transfusion  practices  when 
early  (ED)  rFVIIa  is  used.  Despite  that  finding,  the  degree  of 
physiologic  recovery  from  acidosis  and  coagulopathy  at  ad¬ 
mission  to  the  ICU  was  more  complete  in  the  rFVIIa  group. 
Although  this  observation  may  have  been  attributable  to  the 
increased  blood  products,  both  groups  overall  had  demon¬ 
strated  robust  physiologic  improvements  and  therefore  sup¬ 
port  the  findings  of  our  previous  report  on  the  effectiveness  of 
DCR  for  military  vascular  trauma.30 

The  small  number  of  patients,  short  observation  period, 
and  retrospective  design  are  valid  limitations  of  this  study. 
The  sample  size  increases  potential  for  drawing  an  erroneous 
conclusion,  because  this  study  is  not  adequately  powered  for 
strong  statistically  supported  interpretations.  On  the  contrary, 
it  is  rare  that  successful  outcomes  in  vascular  surgery  can  be 
achieved  with  false-negative  results  (graft  thrombosis  not 
detected)  as  early  graft  failures  are  clinically  obvious,  rigor¬ 
ously  investigated,  and  require  immediate  attention.  None¬ 
theless,  precautions  against  type  II  errors  are  advised  when 
attempting  to  detect  small  differences  between  study  groups. 
Extended  follow-up  can  only  be  assured  for  US  casualties, 
with  few  exceptions.  Additionally,  although  6  months  of  the 
study  represent  the  authors’  personal  experience,  it  is  under¬ 
standably  difficult  to  maintain  complete  documentation  of  all 
adverse  events  experienced  in  a  combat  environment.  There¬ 
fore,  important  omissions  may  occur  when  patients  are  not  well 
known  to  the  investigating  team.  Despite  these  limitations,  the 
findings  are  original  and  may  serve  to  reduce  concerns  that 
rFVIIa  may  hinder  a  successful  revascularization. 

This  report  also  demonstrates  the  ability  of  the  JTTR  to 
evaluate  and  distribute  important  follow-up  information  on 
established  clinical  practice  guidelines.  This  form  of  data 
collection  and  analysis  using  a  theater  wide-trauma  system 
should  serve  as  a  model  for  future  wartime  clinical  care.  The 
additional  aspects  of  the  outcome  data  in  this  report  are  persua¬ 
sive  and  point  to  the  value  of  continued  investigation  and 
refining  of  resuscitation  practices  in  urban  trauma  centers. 
Although  definitive  guidelines  regarding  repair  of  vascular 
injuries  in  the  setting  of  severe  physiologic  derangements 
have  not  fully  been  met,  there  are  distinct  trends  in  this 
direction.  We  observed  that  early  recognition  and  correction 
of  shock  and  coagulopathy  with  the  DCR  strategy  +  rFVIIa 
will  permit  the  additional  operative  time  necessary  for  limb 
salvage.  In  groups  that  had  equal  physiologic  disturbances, 
adjuvant  rFVIIa  did  not  cause  clinically  observed  differences 
in  early  thrombotic  graft  failures  supporting  our  plan  for  its 
selective  use  in  DCR.  We  anticipate  with  future  analysis  of 
JTTR  data  and  refined  use  of  a  DCR  strategy,  potential 
benefits  to  combat  casualties  with  vascular  injury  may  be 
identified. 


CONCLUSIONS 

This  study  represents  the  first  to  use  the  JTTR  to  provide 
follow-up  on  the  repair  of  major  wartime  vascular  injuries. 
Resuscitation  goals  are  obtainable  when  rFVIIa  was  used  as 
a  damage  control  adjunct  in  the  management  of  seriously 
wounded  casualties.  The  cohort  of  patients  treated  with  in¬ 
creased  volume  of  blood  products  and  rFVIIa  demonstrated 
effective  correction  of  physiologic  shock  and  control  of  co- 
agulopathic  bleeding  in  concert  with  definitive  vascular  re¬ 
construction.  Early  thrombotic  graft  failures  seem  to  be  the 
result  of  technical  issues  unrelated  to  withholding  heparin  or 
use  of  rFVIIa  as  an  adjunctive  therapy.  Early  recognition  and 
correction  of  a  traumatic  coagulopathy  should  be  encouraged 
for  treating  vascular  injuries,  because  breaking  the  “bloody 
vicious  cycle”  may  afford  the  best  chances  of  a  successful 
revascularization.  The  overall  impact  of  this  vascular  damage 
control  strategy  on  long-term  outcomes  such  as  limb  salvage 
and  mortality  remains  to  be  determined  although  results  from 
this  study  are  encouraging. 
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